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[57] ABSTRACT 


A direction finding antenna for accurate direction find- 
ing over broad continuous frequency spectrums, inde- 
pendently of polarization, comprising a phased array of 
six log-pericdic dipole antennas with loaded elements. 


4 Claims, 10 Drawing Figures 
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ANTENNA IN FORWARD POSITION , 
AT HIGH FREQUENCIES REFLECTIONS 
DO NOT: INTERFERE 


AT HIGH FREQUENCIES ENERGY 
REFLECTS; AT LOW FREQUENCIES 
ENERGY PASSES THROUGH AND NO 
PROBLEM EXISTS (LOW FRE- 
QUENCIES ARE DEFINED BY THAT |/ 
SPECTRUM WHERE RADOME WALL/ 
iS ELECTRICALLY THIN) 
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FIG. 7. 
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PHASED ARRAY OF SIX LOG-PERIODIC 
DIPOLES 


BACKGROUND OF THE INVENTION 


The antenna structure of the present invention is 
intended to provide a means of accurately direction 
finding over broad, continuous, frequency spectrums. It 
is additionally intended that the antenna provide moder- 
ate gain, provide direction finding signals regardless of 
received signal polarization, be compatible with opera- 
tion in side missile type radomes over broad frequency 
ranges, utilize a relatively simple phased array feed 
network and be inexpensive when manufactured in 
large quantities. 

Although the antenna may be used for a wide variety 
of direction finding requirements, the antenna is espe- 
cially applicable to the seeker requirements of an anti- 
radiation missile. 

Reduced size log-permeable antennas in which se- 
lected elements are loaded to reduce the resonant fre- 
quency of the selected elements are not new, as exempli- 
fied by U.S. Pat. No. 3,543,277. However, the use of a 
uniformly tapered antenna structure wherein all of the 
elements are loaded in a constant manner, is new. As 
will be noted later, the purpose of the loading with this 
invention is to reduce the mutual coupling between the 
six log-periodic dipole antennas rather than to reduce 
the size. 

Various configurations of cavity backed planar spi- 
rals, conical spirals and log-periodic dipole configura- 
tions have been utilized to date to achieve direction 
finding capability. 

Multi-mode, cavity backed planar spirals require that 
absorbent filled cavities be included for milti-octave 
frequency coverage when using the antennas. The gain 
of the antenna is greatly reduced by the absorber. Also, 
since the lower frequency range to be received by the 
antenna determines the diameter of the antenna, it is 
required that the planar spiral be placed in a rearward 
position in the radome, making it particularly suscepti- 
ble to radome internal reflections. For receiving signals 
of all polarizations, it is required that the spiral antenna 
be simultaneously excited from the center and the outer 
periphery. To do this over multi-octave bandwidths 
requires many spiral elements to eliminate undesired 
modes and therefore complex, expensive, feed net- 
works. The fact that the relative phase of the sum and 
difference modes does not remain constant with chang- 
ing frequency introduces additional feed network com- 
plexity, and loss of gain, for compensating the relative 
phase. 

The conical spiral eliminates the backing cavity asso- 
ciated with the planar spiral and therefore has better 
gain. However, the compensation of the relative phase 
of the sum and difference modes is much more difficult 
than for the planar spirals. As with the planar spiral, 
reception of all polarizations requires simultaneous cen- 
ter and outer periphery feeding and the attendant feed 
network complexity. Additionally, the phase center of 
the sum is not coincidente with the phase center of the 
difference mode. This causes the relative phase of the 
sum and difference modes to vary as a function of the 
angle between the antenna boresight and the target. 
Complexity is introduced in compensating for this phe- 
nomena. The conical spiral functions fairly well within 
a radome since high frequencies radiate near the tip of 
the conical spiral and low frequencies toward the base 
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of the cone. However, since the phase center of the 
difference mode is not as close to the tip of the cone as 
the sum mode, it is slightly more subject to radome 
internal reflections than the sum mode. 

Interferometer arrays of planar spirals are not fre- 
quency independent and receive circular polarization of 
one sense only without complex feed network. Log- 
periodic dipole interferometers are linearly polarized. 
Conical spiral interferometers, when arrayed in a fre- 
quency independent manner, suffer aperture blockage 
and poor direction finding accuracy. Also, conical spi- 
tal interferometers receive circular polarization of one 
sense only without complexity. Phase sensing requires a 
minimum of three antenna elements for monopulse di- 
rection finding in two planes. 

Amplitude sensing systems provide relatively poor 
direction finding accuracy. Measurement accuracy also 
requires component matching requirements. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 illustrates a radome with attendant problems; 

FIG. 2 illustrates an individual log-periodic dipole 
antenna; FIG. 3 is a partial log-periodic dipole antenna 
illustrating element design features; 

FIG. 4 illustrates the complete array of three pairs of 
log-periodic dipole antennas for a six element phased 
array; 

FIG. 5 illustrates an assembled array; 

FIG. 6 is a partial illustration of a mounting member; 

FIG. 7 is a top view illustrating the coaxial connec- 
tions to the individual antennas; 

FIG. 8 illustrates another embodiment of the array; 

FIG. 9 illustrates a further embodiment of the array; 
and 

FIG. 10 is a block diagram of a six-element sum and 
difference feed network. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


FIG. 1 illustrates a sample radome and the problems 
attendant conventional direction finding anti-radiation 
missile antenna positioning. The drawing is legended to 
indicate the problems. 

FIG. 2 illustrates one individual dipole antenna and 
shows the positioning of the individual dipole elements 
thereon. Dipole elements 20 and 21 are printed on oppo- 
site sides of a conventional circuit board material. As 
shown in FIG. 2, the elements 20 and 21 progress in a 
stair-step like fashion up a center conductor 22 on oppo- 
site sides of the antenna. The antenna is uniformly ta- 
pered from the apex to the widest portion thereof. In 


the present instance the taper is 4.962°, The spacing 


between elements 


FIG. 3 illustrates the design parameters involved in 
building an antenna wherein a=0.0844A, B=0.0437A, 
c=0.0066A, d=0.0188A, e=0.0375, and f=0.15A, 
wherein A=wavelength at the operating frequency. 
Both dipole elements are shown in FIG. 3 however, 
again it is to be understood that alternating elements 31 
and 32 are printed on the opposite sides of the circuit 
board material. 

FIG. 4 illustrates the construction and shape of the 
three circuit boards with the six antennas etched 
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thereon. The circuit boards are designated 41, 42 and 
43. Circuit board 41 is slotted as at 44; circuit board 42 
slotted at 45 and 46 and circuit board element 43 slotted 
at 47 so that they may be interleaved to form the an- 
tenna structure of FIG. 5. The boards are also slotted as 
at 48, 49 and 50 to receive a reinforcing or mounting 
member shown in FIG. 6. This allows precision align- 
ment of opposite log-periodic dipole antennas to be 
achieved which is important if high accuracy boresight 
characteristics are desired. : 

In FIG. 5, the individual circuit board configurations 
of FIG. 4 are interleaved and mounted on a base 51. Pie 
shaped elements of an accoustic absorbing material 
known as Eccosorb are inserted as at 52 between the 
circuit board configurations at the base thereof. A rein- 
forcing member 53, shown in FIG. 6, is positioned be- 
tween the individual circuit board configurations for 
physical reinforcement. Running up the center of each 
of the arrays is one conductor of a coaxial cable as at 54 
which is more completely illustrated in FIG. 7. 

The individual elements, such as set forth in FIG. 2 
are driven such that right and left elements lying in the 
same plane are alternately plus and minus. This is pro- 
vided through the use of the coaxial arrangement 
shown in FIG. 7 wherein the outer conductor 61 of a 
“dummy” coax member is soldered to the center con- 
ductor 22 of FIG. 2 while the innerconductor. 62 is 
soldered to the opposite side of the circuit board to the 
corresponding center of the array. In actuality, the 
center conductor of the coax is not used but rather a 
solid rod in that the diameters of the two feeds must be 
approximately the same for proper functioning. 
Through this arrangement, the dipole elements 20 and 
21 of FIG. 2 will be alternately positive and negative as 
required for a proper radiation pattern. 

FIG. 8 illustrates another embodiment of the inven- 
tion wherein a further reduction in mutual coupling 
between the six log-periodic dipole antennas may be 
attained by slightly angling the individual elements in 
the direction of the apex of the antenna structure. 

FIG. 9 illustrates another embodiment of the inven- 
tion where excessive coupling between elements has 
been further received by inserting a metal film resis- 
tance card 81 between two log-periodic dipole antennas 
in the same plane in the area between the antennas. 

FIG. 10 is a block diagram of a conventional six 
element sum and difference feed network. No detailed 
explanation is given for the network in that any conven- 
tional feed network might be used. 

The individual log-periodic dipole elements are ca- 
pacitively loaded by means of the folded arms illus- 
trated in FIG. 3 wherein the arm length corresponds to 
that around the periphery of the element (33 to 34). 
Additional capacitive loading is provided by the large 
metal areas on the ends of the arms corresponding to the 
area aX. This results in the individual elements radiat- 
ing from a region where the antenna is only 0.3 wave- 
lengths wide as opposed to 0.5 wavelengths for a con- 
ventional unloaded log-periodic dipole. 

The angle between the boresight axis of the six anten- 
nas and the centerline (feedline) of an individual an- 
tenna must be maintained so that the radiating region of 
the antennas lies on a circumference of approximately 
1.7 wave-lengths. This “array factor” is required to 
achieve good left and right circular polarization charac- 
teristics from boresight to 35° off axis. 

To achieve direction finding, the six antennas are 
phased so as to produce left and right circular sum and 
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difference modes. To excite a left circular sum mode, 
the six antennas are phased with a — 60° phase progres- 
sion between adjacent antennas with equal amplitude. 
To excite a right circular sum mode, the six antennas are 
phased with a +60° phase progression between adja- 
cent antennas with equal amplitudes. A left circular 
difference mode is achieved with a —120° phase pro- 
gression between adjacent antennas and equal ampli- 
tudes and similarly, a +120° phase progression pro- 
duces a right circular difference mode. Again, a net- 
work for achieving this is shown schematically in FIG. 
10. 

Conventional two channel monopulse operation is 
used to process the signals and perfect boresight can be 
achieved without component matching if a symmetrical 
feed network is employed. Direction finding in the 
antenna is attained by combining the left circular sum 
mode (21) pattern with the left circular difference mode 
(A) pattern to form 21+ A2. Direction finding beams in 
an orthogonal plane are formed by simply obtaining 
D14IA2. Zs Agcan be formed by combining the right 
circular sum mode (5) with the right circular differ- 
ence mode (Aq). 

The problem to which this antenna is addressed is the 
periodic sum mode gain dropout as the operating fre- 
quency is varied. This phenomena is due to the mutual 
coupling that occurs between the individual antennas 
phased array structure. A radial configuration of con- 
ventional (unloaded) log-periodic dipole, antennas suf- 
fered from excessive mutual coupling between antennas 
and the attendant sum mode gain dropout problem as a 
function of frequency. This problem has been effec- 
tively eliminated by the radial orientation and by load- 
ing the individual elements, thus increasing the physical 
spacing between antennas for a given array factor. 

Further reductions in mutual coupling can be ob- 
tained by using loaded log-periodic dipole elements 
which are slightly angled forward as illustrated in FIG. 
8 and/or by placing a deposited resistive film material in 
the phase of two opposite log-periodic dipole antennas 
in the area between antennas as shown in FIG. 9. The 
latter two techniques are useful if it is desired (depend- 
ing on the specific application and pattern characteris- 
tics desired) to have an array factor corresponding to 
placing the phase centers of the six individual log-peri- 
odic dipole antennas on a circumference of less than 1.7 
wave-lengths. 

The antenna and feed network can be made using 
printed circuit techniques. They are etched as shown in 
FIG. 4 on the printed circuit board and partially slotted 
so that the three pairs can be interleaved to form the 
complete structure as shown in FIG. 5. This technique 
also allows close control on the alignment of opposite 
antennas, a critical requirement for good boresight sta- 
bility. 

The above described six, loaded, log-periodic dipole 
antenna phased array in a radial configuration offers 
several significant advantages over previous broad- 
band antenna systems. The antenna has constant gain of 
approximately 10 db .(sum mode at boresight with re- 
spect to circular isotropic) independent of operating 
frequency. In addition, the phase centers of the left and 
right circularly polarized sum and difference modes are 
co-incident at all frequencies, thus eliminating the need 
for phase compensation as a function of the off-axis 
angle to the target. Further, the phase center of the 
antenna is close to the tip or apex of the antenna at high 
frequencies and moves toward the base with decreasing 
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frequency, allowing continuous broad-band operation 
inside a radome with reduced susceptibility to randome 
internal reflection. Also, the antenna has very low rear 
lobe gain, typically greater than 30 db below the on-axis 
gain. As a further factor, no relative shift between the 
sum and difference modes occurs as a function of fre- 
quency, thus eliminating the need for reference plane 
compensation. This greatly reduces network complex- 
ity, feed network loss and cost. The antenna also pro- 
vides monopulse direction finding against any angle of 
linear polarization, left circular and right circular simul- 
taneously. Finally the antenna allows the use of conven- 
tional two-channel monopulse processing, thus allow- 
ing zero boresight error without component amplitude 
or phase matching. 

It is not required that the six, loaded log-periodic 
dipole antenna phased array in a radial configuration be 
constructed using printed circuit techniques or that the 
elements be loaded in the particular manner shown. 
Any conventional log-periodic dipole construction 
technique can be used and any loading technique such 
as inductive or dielectric is acceptable as long as the 
element is size reduced and the inner antenna mutual 
coupling reduced to a satisfactory value to eliminate the 
sum mode gain dropout problem as a function of fre- 
quency. 

What is claimed is: 

1. A direction finding antenna array comprising; 

six planar log-periodic antennas having at least one 

edge and an apex; 
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the six antennas being physically supported such that 
a conical surface of revolution coincides with said 
at least one edge of each of the antennas; 
each antenna comprising a multiplicity of uniformly 
loaded dipole elements; 
said elements being spaced logarithmically along 
each antenna; ‘ 
each antenna being uniformly tapered from the apex 
thereof to the widest portion thereof; 
said loading comprising an area equal to a times B 
where a=a constant multiplied by the wavelength 
of interest and 8 equals another constant multiplied 
’ by the wavelength of interest. 
2. An antenna structure as set forth in claim 1 
wherein; 
said dipole elements are inclined in the direction of 
the apex of the antenna structure. 
3. A log-periodic antenna structure as set forth in 
claim 1 wherein; ; 
additional loading is positioned between adjacent 
pairs of antennas. 
4. A log-periodic antenna structure as set forth in 
claim 1 wherein; 
pairs of antennas are printed on circuit board mate- 
rial; 
the loaded elements comprising the dipoles are 
etched on said circuit board material such that 
corresponding parts of the dipole corresponding to 
the plus and minus portion of the dipole are etched 


on opposite sides of the circuit board material. 
* * ££ &* * 


